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FOREWORD

This volume includes supplementary information in support of the
discussion and conclusions in Volume I. In particular, Appendix C presents
the basic data compiled during iiie study for analysis of each of the satellite
programs. The data are assembled in a form to provide a source of general
information on the various satellite programs. The information is organized
by program and consists primarily of a program summary, satellite
description, program milestones, and on-orbit experience. Not all cate-
gories are included for each program since several have not yet had a first
launch and the amount of information obtainable on all the programs was not
identical. For two programs (Project A and DSCS II), sections on testing

are included as examples of satellite testing procedures. References are

included where applicable.
The cutoff date for all data was May 1975.
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ACS
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ABBREVIATIONS

ampere(s)

apogee boost motor
alternating current
automatic caging mode

attitude control system (or
subsystem)

analog-to-digital

attitude determination and
control (subsystem)

Atomic Energy Commission

CDA

CDR
CDU
cmds
CMG
CMOS

COMM., comm.

comsat
Air Force Base COMSTAR
aerospace ground equipment
CONUS
ampere-hour(s)
apogee kick motor CR&T
amplitude modulation
(of]
active nutation control
Applied Physics Laboratory, CST
Johns Hopkins University
CTA
auxiliary propulsion system
CYL
autor.atic picture transmis-
sion dB
APT ground station(s) dBm
acceptable quality level dBW
assembly DC, dc
automatic thermal controller DCAS
Applications Technology
Satellite DCPI
American Telephone & Tele-
graph Co. DCPR
advanced vidicon camera DCSs
subsystem
DDP
bearing and power transfer Y
assembly DEA
binary coded decimal DECEL
bit error rate DET
beginning of life DEV
beginning of tape DMA
Broadcast Satellite Experi- DMSP
ment (GE)
backscatter ultraviolet DoD
(spectrometer)
DRO
circuit
-Xi-

Command and Data A~quisition
(stations)

critical design review
command data unit
commands

control moment gyro

csmplementary metal oxide
seiisconductor

communications
communications satellite

domestic communications satel-
lite (AT&T/Comsat Corp.)

continental (contiguous)
United States

command, ranging, and tele-
metry

Japanese medium-capacity
communications satellite

combined systems test

control timing assembly
cylinder

decibel(s)

decibel(s) relative to 1 milliwatt
decibel(s) relative to t watt
direct current

Defense Contract Administra-
tion Services

data collection platform interro-
gation

data collection platform reports
data collection system

digital data processor

despin electronics assembly
despin control electronics
direct energy transfer
development

despin mechanical assembly

Defense Meteorological Satellite
Program

Department of Defense

data readout
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DSCS 11

DSU
DTU
bus

E
ECHL
EDT

EIA

EIRP

EMC

ENGR
EOL
EPS
ERP

ERTS

ESAE

ESM
- ESMR

ETR
ETV

EXP
FAB
FCC

FDM
FLT

FLTSATCOM

FM
FMEA

FPR
FSK

FT, ft

FWS

Armlingn i el o e i A0

ABBREVIATIONS (Cont)

Defense Satellite Communi- g
cations System, Phase II
GAPSAT
data storage unit
GE
digital telemetry unit
GEA
Data Utilization Station(s)
east (longitude) GrE
earth coverage high level GHz
Eastern Daylight Time GMT
electrical integration GOES
assembly
effective isotropic radiated GSE/TD
power
electromagnetic compati- GSFC
bility
engineering G/T
end of life HDRSS
energetic particle sensor * hi-rel
effective radiated power hr
Earth Resources Technology HRIR
Satellite (now LANDSAT)
electronic shaft angle HT
recorder
IC
equipment support module
1DCS
electrically scanning micro-
wave radiometer
IDCSP
Eastern Test Range
educational television (ATS IF
experiment)
IM
experiment
IMU
fabrication
IN, in.
Federal Communications
Commission In! elsat
frequency division multiplex
IR
flight
IRIS
Fleet Satellite Communica-
tions System
IRLS
frequency modulation
failure modes and effects IST
analysis
ITOS
flat plate radiometer
frequency-shift keyed ITR
feet JCE
filter wedge spectrometer kbps
-xii-

acceleration of gravity
(same as MARISAT)
General Electric Co.

gimbal electronics (drive)
assembly

government furnished equipment
gigahertz
Greenwich Mean Time

Geostationary Opera‘innal
Environmental Satellite

general systems engineering/
technical direction

Goddard Space Flight Center
(NASA)

gain/temperature ratio
high data rate storage subsystem

high-rcliability

‘hour(s)

high resolution infrared
radiometer

height
integrated circuit

image dissector camera
subsystem

Initial Defense Communications
Satellite Program

intermediate frequency
intermodulation

inertial measurement unit
inch(es) '

International Telecommunica-
tions Satellite Consortium

infrared

infrared interferometer
spectrometer

interrogation, recording, and
location subsystem

integrated systems test

Improved TIROS Operational
Satellite

incremental tape recorder
jet control electronics

kilobit(s) per second =
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km
LB, Ib
LES

LMSC

L.O.

MARISAT

MAS

MeV
MHz

MIL STD
min

MIT

MO
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ABBREVIATIONS (Cont)

kilohertz NEMS

kilometer(s)
NESC
pound(s)

Lincoln Experimental Sctellite NZH4

Lockheed Missiles and Space MiCd
Company
NM, nmi
local oscillator
NOAA

maritime communications
satellite
NP
Ministry of Aviation Supply
(UK)
maximum
megabit(s) per second
mechanically despun antenna
motor drive assembly
(Skynet II)
million (mega) electron volt{s)
megahertz
military standard

minute(s)

Massachusetts Institute of
Technology

month(s)

master purchase agreement

mediwrn resolution infrared
radiometer

Manned Spaceflight Network
(NASA)

multispectral scanner
mean time to failure

monitor of ultraviolet solar
energy

miillwatt(s)

momentum wheel assembly

north (latitude) QA
nitrogen Qc

National Aeronautics and QOMAC
Space Administration

North Atlantic Treaty QUAL, qual
Organization
QPSK
narrowband tape recorder
RBV
northeast
RCE

Nimbus E microwave
spectrometer

National Environmental
Satellite Center

hydrazine
nickel-cadmium
nautical mile(s)

National Oceanic and Atmo-
spheric Administration

negative-positive
non-return to zero
northwest

operations

power amplifier

power amplifier control unit
pulse amplitude modulation
pulse code modulation
power control unit

percent defective allowable
preliminary design review
payload

position location and aircraft
communication experiment

phase modulation

precision mounting platform
photomultiplier tube
pPrimary

psuedo-random noise

pound(s) per square inch,
absolute

phase-shift keyed
pulse width modulation
quality assurance
quality control

quarter orbit magnetic
attitude control

qualiflcation
quadriphase - shlft keyed
return beam vidicon

reaction control equipment




RCS
RCU
RCVR
RDU
RF
RFI
RGA
RMP
rms
R/O
rpm

RSS

RTG

RTTS

RVCF

SA
SAB

SAMSO

SATCOM

SCF

SCR
SCMR

SE
SEC
sec

SEM

SESP

SGLS
SHF
SIRS
SITE

S it e

ABBREVIATIONS (Cont)

reaction control system
redundancy control unit
receiver

'

receiver-demodulator unit
radio frequency

radio frequency interference
radiation generator assembly
rate measuring package
root-mean-square

readout

revolution(s) per minute

reaction control equipment
support structure

radioisotope thermoelectric
generator

real time transmission
subsystem

Remote Vehicle Checkout
Facility

solar array

Satellite Assembly Building

Space and Missile Systems
Organization

(U.S. Air Force)

satellite communications
system

Satellite Control Facility
(U.S. Air Force)

selective chopper radiometer

surface composition mapping
radiometer

southeast

secondary

second(s)

scanning electron microscope
space environment monitor

(SMS}

Space Experiments Support
Program (now STP)

Space-Ground Link Subsystem
super high frequency
satellite infrared spectrometer

satellite instructional tele-
vision experiment

SLS
SMS

S/N
SNAP

SPO
SPM
SR
SRR
STDN

STP

swW
SYNC
TACSAT

TBU
T&C
TDA
TDAL
TDM

THIR

TI

TIROS

TLM, T/M
TOS
TRUST

TT&C

TV
T/V
TWT
TWTA
TYP
UHF
UK

UsB i

-Xiv-

switching logic assembly

Synchronous Meteorological
Satellite

signal-to-noise ratio

System for Nuclear Auxiliary
Power

system program office
solar proton monitor
scanning radiometer
SR recorder

Satellite Tracklng and Data
Network

Space Test Program
southwest
synchronous

Tactical Communications
Satellite

time base unit

telemetry and command
tunnel diode amplifier

tunnel diode amplifier/limiter
time diyinion multiplex

temperature, humidity
infrared radiometer

Texas Instruments, Inc.

Television and Infrared
Operational Satellite

telemetry
TIROS Operational Satellite

television relay using small
terminals (experiment)

tracking, telemetry, and
command

television

thermal/vacuum

traveling wave tube

traveling wave tube amplifier
typical

ultrahigh frequency

United Kingdom

unified S-band




VIP

VHRR

VHRRGS

VISSR

VISSR DR
VREC
VTPR

ABBREVIATIONS (Cont)

volt(s)
variable command count

voltage -controlled variable
power divider

volt{s), direct current
very high frequency

versatile information
processor

very high resolution
radiometer

VHRR ground station(s)

visible infrared spin scan
radiometer

VISSR digital multiplexer
visual data recorder

vertical temperature profile
radiometer
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WECO
WEFAX

WESTAR

W/F
WK

WT

watt(s)

wideband video tape recorder

Western Development Labora-
tories (division of Philco-
Ford)

Western Electric Co.

weather facsimile

Western Union cormmercial
communications satellite

wow/flutter

week(s)

weight

Western Test Range
transmitter

year(s)
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A.l THE DEFENSE SUPPLY AGENCY'S MILL
A RUN PROGRAM

The Mill Run Program is a program wherein, without a contract,
manufacturers agree to produce, stock, and distribute specific materials.
They agree that the materials will meet appropriate federal or military
specifications. Production is in anticipation of possible procurement by
DoD activities or DoD contractors or subcontractors. Defense Contract
Administration Services (DCAS) quality assurance personnel verify com-
pliance with specifications. The material is then marked in accordance
with applicable specifications and also with the manufacturers' symbols to
insure its identity throughout stocking and distribution. Thus, government

source-inspected specification material is readily available, essentially off

the shelf, for purchase by DoD procurement offices and by defense contractors.

Those products which are considered appropriate for the program
are basic Military Specification or Federal Specification materials or basic
parts usually purchased in relatively small quantities. For example, air-
craft aluminum and aluminum alloys fall into this category. Recently,
MIL-M-38510 and MIL-M-0038510 microcircuits and established reliability
resistors have been added. The benefits of the Mill Run Program are con-
sidered by the Defense Supply Agency to be:

a. The purchaser can confidently buy products which have been

produced, inspected, and tested by the manufacturer in

accordance with the detail specifications as verified by
government source inspection.

b. Instead of being faced with several months lead time, material
is available in stock for immediate shipment to a government
buying office or to a defense coantractor who needs the specific
material to perform on a particular contract.

C. Longer production runs under tight manufacturing and quality
controls generally produce parts with higher quality and higher
reliability. This is particularly true in the case of micro-
circuits. i

Longer production runs generally reduce unit costs.

Mill Run participants realize a sales advantage over non-
participants (see items a through d).

4
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The Mill Run Program results in a cooperative venture
between participants and the government which is thought
to be more efficient than strictly buyer-seller relationships
that involve short production runs.

g. DCAS quality assurance efforts are ultimately reduced since
large lot production reduces or eliminates piecemeal inspec-
tion and verification on many small quantity purchases.

A.2 NASA/VIKING CONTROLLED LINE

Texas Instruments, Inc. (TI) was selected by the Martin Company

(the Viking prime contractor) to produce digital integrated circuits for the

Viking program on a controlled line, i.e., with separate facilities and per-

sonnel. Major characteristics of the procurement were:

a.

Specification Control - All manufacturing specifications from
metallization to final shipment were approved by Martin and
no changes were allowed without approval from Martin.

Operator Selection and Training - No production operator with
less than six months experience could be employed on the
Viking controlled line. All production operators were certified
by TI's quality control organization to be proficient at their
assigned responsibility.

Traceability - Traceability to the diffusion lot, metallization
lot, and assembly lot was maintained on each unit shipped.

Material Review Board - Representatives from the TI and
Martin quality control organization were assigned to a material
review board. There could be no disposition of questionable
material without mutual agreement of both parties.

SEM Inspection - A sample from each metal evaporation lot
was subjected to scanning electron microscope (SEM) inspec-
tion for evidence of lifting metal, undercut metal, incorrect
oxide steps, and general quality. Martin in-house representa-
tives reviewed results and gave final approval on material.

Visual Inspection - Two 100 percent visual inspections were
performed on each integrated circuit die by TI manufacturing
personnel at 100-power magnification. This was followed by
a lot acceptance by quality control personnel to a 0.65 percent
acceptable quality level (AQL). After the units were mounted
and bonded, pre-seal inspection was performed by TI manu-
facturing personnel at 40~ and 100-power magnification on

100 percent of the units. Quality control personnel then
accepted the lot to a 0.65 percent AQL sampling plan. This
inspection was followed by a 100 percent inspection by Martin
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employees at 40- and 100-power magnificatiou. DCAS
personnel then sampled the lot at a 0.65 percent AQL. All
of the above inspections were performed to the criteria of
MIL-STD-883A.*

Bonding Control - Each bonding machine was monitored twice
per shift. Ten bonding wires from two units were pulled to
destruction. One or more bonding wires whose pull strength
was less than 2.0 grams would require that machine to be de-
activated until the reason for failure was established and cor-
rective actions taken. After sealing, environmental testing,
and initial electrical testing, five units from each assembly
lot were de-lidded and subjected to bond strength testing.
This calculates to 70 bonds per assembly lot that received
bond pull testing. These test data were reviewed by Martin
quality representatives and any suspicious lots were routed
to the material review board for final disposition. All of the
above testing was performed by TI quality control personnel.

Destructive Physical Analysis - The five units from each
assembly lot that were de-lidded and subjected to bond pull
testing were also inspected optically at 100-power magnifica-
tion for evidence of metal corrosion, foreign material, and
general workmanship. Any suspicious lot was routed to the
material review board.

Recorded Electrical Data - All units were subjected to DC
electrical testing at +25, +125, and -55°C %rior to burn-in.
Recorded data were taken on all units at 25°C. After com-
pletion of burn-in, all units were retested and recorded data
taken at +25, +125, and -55°C. Delta comparisons were then
made on the +25°C data. A 2 percent defective allowable (PDA)
on the 25°C data was applied to critical parameters.

Burn-In - Each unit was subjected to a 240-hour operating
burn-in at 125°C.

X-Ray - A two-view X-ray inspection was performed on each
unit for evidence of poor wire dress, extraneous material,
improper die attach, and voiding of die to package interface.

Government Bonded Locker - After all processing had been
performed and lot history and data had been reviewed by TI
and Martin quality representatives, DCAS personnel reviewed
the data package and, if acceptable, placed completed units in
a government bonded storage area. Units were shipped to
various subcontractors after instruction by Martin.

%*
Test Methods and Procedures for Microelectronics (15 November 1974).
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f m. Backup Material - A predetermined quantity of each integrated
circuit die was processed through SEM inspection and stored
in wafer form for use in case of unforeseen yield losses during
processing. This material was kept in storage until the entire
program was completed.
The primary point made by the vendor as a result of the procure-
ment was that the parts manufacturer must be involved with prime contractors

at the earliest possible date if future reliability and cost goals are to be met.

A.3 THE NASA/GSFC CMOS COMMON BUY
AND STOCKING PROGRAMS

The Goddard Space Flight Center (GSFC) Common Buy contract to
buy Series CD4000A complementary MOS (CMOS) integrated circuits is a

«i . direct outgrowth of the goal to encourage the use of high quality components
| despite pricing and lead time problems. This goal was achieved because of
ul a management decision at GSI'C, at about the same time, to institute an in=-
house stocking program for high reliability CMOS. Although the stocking

! \ program and the contract are now functionally unrelated (except for the fact
that the stocking program is one of the buyers under the contract), the two
were initially intertwined and neither would have been realized without the 1
other. The stocking program is intended primarily to service in-house i
. designers at Goddard. :

{ The Common Buy contract signed with RCA for the CD4000A series

o

of CMOS integrated circuits permits purchases not only by Goddard but also
'by any othar NASA center, any government agency, or by any of their con-

tractors, provided that any contractor purchases are (only) for direct govern-

- ment contracts. Whereas many users are eligible to procure devices, the
contract stipulates that all orders must be placed through and by GSFC,
although parts can be drop-shipped directly to any destination. Figure A-1

e A M e g g - om0

shows the complete flow for orders, payment, and parts between RCA, GSFC,

other NASA centers, other government agencies and contractors.

*Proceedings of the Space System Microelectronics Seminar held 15- 16 April
1975 in Los Angeles; to be published.
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Under the terms of the contract, GSFC is solely responsible for
formally resolving and ruling on problems of any nature (failure mode prob-
lems, specification waivers, failure of parts to meet specifications, delivery,
etc.) regardless of the delivery destination of an order. Although this status
is contractually stated and recognized as a specific responsiblity on the part
of GSFC, in actual practice decisions affecting non-GSFC buyers are not
autocratic or arbitrary. Other NASA centers, government agencies, or
contractors who have placed orders for parts and paid for them through
GSFC are expected to accompany the GSFC representative on plant visits.
Unless GSFC judges that there are broader implications which, overall,
might have a detrimental effect, any decisions made and stated by GSFC on
a particular problem will be in compliance with the specific desires of the
initiator of that order. However, it must be understood that should GSFC
judge that a user's opinions or desires could have repercussions contrary to
the purposes of the contract, GSFC can and will rule unilaterally ageinst
that user. Uniformity in contract direction and interpretation is logical and
necessary, although the implied additional workload on GSFC to resolve
technical or administrative problems is undesirable.

Based on the Goddard program it is concluded that common-buy
volume contracting is basically a sound approach to obtain high quality piece
parts. A stocking program is a natural complement to this buy program
and promotes standardization. Standardization is highly desirable because

it reduces the piece-parts cost per unit.

A.4 LMSC MONITORED LINE PARTS PROGRAM

The Lockheed Monitored Line Parts Frogram was initiated in 1972
.

for the benefit of Lockheed and its subcontractors. As of April 1975, it has

involved six part types and has been applied to 11 programs and 14 major

subcontractors. Three part suppliers are participating under a LMSC/

supplier agreement.
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! The role of LMSC 1s:

, a. Create the Monitored Line Parts Program Office to provide
: technical and administrative direction.
- b. Prepare all specifications and coordinate with users.
’ €. Maintain the master parts list.
4 d. Negotiate the Master Purchase Agreement (MPA) with part
X ] suppliers.
: | . e. Provide resident monitoring team at each vendor facility.
| f.  Help establish delivery priorities.
. g. Coordinate technical problems with part suppliers and users.
h. Collect subcontractor failure data and analyze for trends and
] corrective action.
3 L
; | it Guarantee the sale of part types and quantities.
o The role of the vendor is:
l a. Supply all parts of a class (e.g., bipolar small-signal tran-
l sistors) to the requirements of the specification for the total -y
| program needs. Q

_ b. Allow a team of resident LMSC personnel, who represent
g Parts Reliability Engineering and Product Assurance Engi-
4 l neering, facility access to perform monitoring functions.

(o Ship electrical test data on each part to its user and to LMSC.

3 : d. Retain all manufacturing traceability records and test data
for recall upon demand for a minimum of three years.

| e. Provide a Program Manager to coordinate Monitored Line
activities and provide a single interface point. 3

f. Accept orders for designated part types from LMSC and speci-
fied contractors.

g. Bill against each using subcontractor order at a negotiated
price based upon a block buy.

The role of the subcontractor is:

! a. Notify LMSC of part technical requirements so that specifica-
tions can be prepared.

f b. Provide LMSC with part requirements so that LMSC can assess
i the total program usage and negotiate guaranteed MPA quanti-
ties with the suppliers.
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¢l Place part orders directiy with the part houses.
d. Key all orders to the LMSC MPA.
e. Notify LMSC of parf failures at their facility.

Conclusions regarding the program, as presented at a 1975 micro-

electronics seminar, were quite favorable. An MPA was found by LMSC

to be the best approach to supplying these parts to subcontractors.

* P
Proceedings of the Space System Microelectronics Seminar held 15-16 April
1975 in Los Angeles; to be published.
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Repetitive development of basically similar subsystems for satellites
! i is both costly and inefficient. The advantages of standardized hardware are
' obvious and give rise to the concept of a spacecraft "bus' that could be com-
monly utilized by many space programs. In the following discussion, the ad-
, vantages, disadvantages, and past precedents for employment of spacecraft
buses will be recounted. Additionally, considerations for any bus design for
- future programs will beﬁdiscussed.

The spacecraft bus is considered to be a satellite without a payload,
but capable of performing a given mission once the payload has been integrated
with it. The ramifications of the foregoing statement are that the size and

-& capacity of the bus will be compatible with a range of payloads, and that the
E performance of bus subsystems can meet all of the unique requirements each
| } of these payloads demands. To satisfy such requirements, it becomes ap-

‘ : parent that the bus must have a fairly high degree of flexibility. This flexi-

; | bility can be achieved in the bus design by adding capacity through modular
'""building block'' design, and with a number of accessory payload-peculiar
1 ‘ i add-ons to achieve compatibility with the payload requirements.
4 The advantages and disadvantages of a common spacecraft bus con-
cept are presented in Table B-1. The most obvious advantages are that it
' avoids the recurring time, cost, and efforts to design and develop basic sup-

port subsystems for each project. To some extent this duplication for current

{‘, space programs is partly avoided by using off-thc-shelf components, but the
integration of those components into a spacecraft for each particular program
ig often quite different. Other advantages of standardized subsystems are that
3 time and money are saved by use of standardized procedures for production
: and testing. Similarly, standardization of subsystem operational interfaces
yields savings in procedures for satellite deployment and on-urbit operations.
Finally, the accumulation of failure data and corrective measures on the

standardized components should improve the quality of the standard subsys-

tems and result in a more reliable spacecraft.
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To realize the above advantages will require a tradeoff in other
» areas. For example, a given payload will interface to well-defined space-
craft subsystems, but in some cases the paylcad program may need to ac-
cept design constraints imposed by those interfaces, or be willing to pay for
additional engineering and test to incorporate an unforeseen requirement of
unique nature. In the broader perspective, the very large initial investment
to develop the bus, its AGE, and other operational support, may be prohibi-
tive in light of available funding at a given date. Also, once committed to
production, subsequent procurement alternatives and competitive bidding are
essentially reduced to a sole source. Finally, the bus must always be de-
signed to its worst case mission which means that it is overdesigned for most
i other missions.
There have been several precedents where a spacecraft bus has been
i used for more than one program. The most versatile exam;“ilg was the
| Standard Agena. In 1962, the Air Force Space Systems Division developed
a standardized spacecraft with numerous optional equipments to serve as a
| “ spacecraft bus. The Standard Agena incorporated a substantial propulsion
i capability, and could be utilized solely as an ascent stage as well as an or-
biting spacecraft. Figure B-1 illustrates the main features of the standard

vehicle, and Figure B-2 shows the Agena configured as an orbiting satellite

with payloads for the Space Test Program Flight 71-2.
l Other Bus concepts similar to Agena were the Burner II upper stage
vehicle and the OGO spacecraft.

The designs of certain satellites, although not exactly buses, have
| evolved in a manner that retained many common features of an earlier model.
Examples of such derivatives based on a military communications satellite
1 ! are: Skynet], NATO II, NATO III, and the commercial Japanese CS. Simi-
larly, there is some design commonality evident in Intelsat IV, Intelsat IVA,
and the AT&T COMSTAR. (These configurations are illustrated in Appendix C.)
The Intelsat IV also bears a resemblance to TACSAT with the exception of the
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ASCENT-STAGE ENGINE
BELL 8096 (restartable)

THRUST VALVE CLUSTER (2)

\
REACTION CONTROL GAS \
NITROGEN TANK A
SEPARATION PLANE FOR
AFT SECTION-ADAPTER ULLAGE
ROCKET (4)
TANK-FAIRING
CABLE WAY (2)
AFT SECTION

PAYLOAD EQUIPMENT RACKS
AND
EXTERNAL OXIDIZER

TANK
FUEL TANK

FAIRING

~— FORWARD SECTION WITH
SUBSYSTEM EQUIPMENT

HORIZON SENSORS (2)

LAUNCH DATES - VARIOUS PROGRAMS CHARACTERISTICS
1959 THROUGH 1973 DIAMETER - 60in.
BOOSTERS - ATLAS /AGENA LENGTH (less P/L) - 243 in.
THOR / AGENA WT (dry-less P/L) - 1599 Ib
. POWER (batteries) - 500W
ORBIT - NEAR EARTH (typical) DESIGN LIFE (typ) 1 wk-6 mo

Figure B-1. Agena Satellite Vehicle; Standard Agena (SS-01A) Illustrated




INPUT-OUTPUT ANTENNA
(deployed - experiment)
ONR - 001

PROPELLANT TANK

SECTION

SUBSYSTEMS
EQUIPMENT BAY

HEAT EXCHANGER
NSA - 101 (exp)
CELESTIAL IR

MAPPER (exp)
SAMSO - 002

AGENA ASCENT-
STAGE ENGINE

AFT SECTION
EQUIPMENT
RACKS

FIXED*
SOLAR ARRAY
(deployed)

FLEXIBLE SOLAR ARRAY
(deployed - experiment)
RTD - 806

LAUNCH DATE - 17 OCT 1971
BOOSTER - THORAD /AGENA

ORBIT - 425 nmi,
93 deg INCLINATION

CHARACTERISTICS

DIAMETER (ascent) - 5 ft
WIDTH (deployed - 40 ft
LENGTH (ascent) - 31.5 ft

WT (on-orbit) - 3443 |b
*POWER (BOL) - 435W
DESIGN LIFE -6mo

Figure B-2. Space Test Program (STP) Flight 71-2 (Agena Satellite)
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antennas and AKM. More accurately, the design of Intelsat IV reflects

TACSAT experience, in particular the design improvement of the nutation
dampers and a change to a brushless drive motor for the despun antennas.
There were several cases where employment of the same space-
craft could be termed a bus. These were the Skynet I/NATO II and the
Anik/WESTAR programs. For NASA programs, the use of Nimbus space-
craft design features for the ERTS/LANDSAT satellite represents a near-

bus concept.
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C.1 TRANSIT (NAVIGATIONAL SATELLITE)

@.1:0 Program Summary

The Transit navigational satellite was originally designed and
constructed by the Applied Physics Laboratory (APL) of Johns Hopkins
University for the U.S. Navy Strategic Systems Project Office. During the
period 1962 to 1968, 17 satellites were launched on Scout boosters into
600-mile, circular, near-polar orbits, In 1966, the RCA Astro-Electronics
Division at Princeton, New Jersey, became the spacecraft prime contractor.
Of 15 flight models built by RCA three have been flown, one each in 1968,
1970, and 1973; 12 are in storage at the RCA plant.

The early Transits had relatively short on-orbit lives. Sub-
stantial design modifications (recommended by APL and RCA) to the last
three satellites built by APL resulted in much longer life satellites which, in
early 1975, were in their eighth year of operation on-orbit. Three of the
satellites built by RCA are also still operational on-orbit. One of the RCA-
built spacecraft suffered an RF downlink power output reduction that resulted
in the satellite being out of operation for a 3-month period and subsequently
having a lower than nominal (but satisfactory for operation) system margin.
In summary, the system is fully operational with adequate satellites in

storage for long term replenishment.

c a2 Satellite Description

Figure C.1-1 shows the general external features of Transit.
Internally, only the receiver is redundant. Table C. 1-1 summarizes the
satellite subsystems.

The spacecraft design concept is one of simplicity. Redundancy
is minimal, attitude control is performed by gravity gradient, and deployment
mechanisms are uncomplicated. Advanced technology was not employed

except in the areas of welded wire, IC memory, and crystal oscillator.

Crn a3 Key Events and Milestones

Significant program milestones are shown in Figure Cc.1-2.




GRAVITY GRADIENT
BPANAS

EQon: (DEPLOYED)

COMMAND RECEIVE
ANTENNA (2)

SOLAR ATTITUDE
DETECTOR

SOLAR ARRAY {4)
{DEPLO?ED]

MAGNETOMETER
SENSOR (3)
DIRECTIONAL
ANTENNA
(DEPLOYED)

CHAR AgQ ERISTICS
LAUNCHES (RCA BUILT) WIDTH ASCENT) -
#21 . 1 MAR 1968

1.5 FT
WIDTH (DEPLOYED) - I13FT
#22 . 27 AUG 1970 HEIGHT (DEPLOYED)- 102 FT
#213 . 29 OCT 1973 wT (LIFTOFF) - 131 LB
POWER (BOL) - 20 WATTS
BOOS1¥R . scourt DESIGN LIFE - L.5 YEARS
ORBIT - 620 NM POLAR
Figure C, 1.1, U.S. Navy Navigation Satellite - Transit
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Table C.1-1, Transit Subsystem Description

Structure
° Octagon box, 18 in, across
U Innerstructure for strength and equipment mount
L Gravity gradient boom, and sensor attachment structure
! L Solar array mounting panels

Orbit and Attitude Control

. - ° Deployed gravity gradient boom (100 ft) and weight
E | o Hysteresis rods
° Electromagnet

} Electrical Power

Four deployed solar arrays with 13,376 cells
Four battery modules

DC-DC converters

Distribution system

Telemetry and Command

l ‘ ) Two command receivers and antennas
{

[ 35 channels of telemetry at 150 MHz

1 Thermal Control

® Passive

Payload Subsystem

| ° Two RF beacons
° Onboard memory for orbital elements

° Directional antenna {
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Cc.1.4 On-0Orbit Satellite Experience

C.1.4.1 Mechanical

Conservative design in deployment mechanisms resulted in

satisfactory operation on-orbit.
C.1.4.2 Electrical

The short life of early models dictated substantial design
modifications, which were successful in increasing spacecraft on-orbit
longevity. Design simplicity and employment of little advanced technology
combined with minimmum redundancy was then effective for Transit.

Over -conservatism in part failure rates contributed to much
longer than predicted orbitel life for the improved vehicles. A secondary

effect was the need to store a number of completed spacecraft. No signs

have been found of degradation due to storage.

C.1-7
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Cc.2 AGENA PROGRAMS

c.2.1 Program Summary

Agena was developed and is fabricated by the Lockheed Missiles
and Space Company (LMSC) at Sunnyvale, California. The U.S. Air Force
Space and Missile Systems Organization (SAMSO) is the procuring agency.

The first of numerous contracts was started in the late 1950s,
with the first launch occurring in February 1959. Several different types of
Agenas have been developed, the basic designators being Agena A, S-01
(Agena B), the Standard Agena (Agena D), and Program Assembled Agenas.

Agenas have been launched on Thor, Atlas, and Titan boosters. They have

been used as booster stages and to carry a variety of payloads. More than
300 Agenas were launched through September 1973, Of these, approximately
200 were Standard Agenas, the first of which was launched in 1962. Fro-
gram Asscmbled Agenas have been flown from 1959 to the present time. The
discussion herein is primarily related to the Standard Agena and Program
Assembled Agenas from Agena flight 256 in January of 1968. Additional

data on Agena flights are given in Reference C.2-1 and other documents

referenced therein.

c.2.2 Spacecraft Description

A typical Agena is shown in Figure C.2-1. Items comprising

the subsystems are given in the STP 71-2 summary (Section C. 13).

C.2.3 Key Events and Milestones

Details of the many Agena flights are available from LMSC. A

summary of Agena anomalies is given in Reference C.2-2.

C.2.4 Agena Program Experience

The anomalies experienced by the Standard and Program

Assembled Agena models reflect their development from earlier Agenas.
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STANDARD AGENA (SS-01A) ILLUSTRATED

ADAPTER RETRO-ROCKET (2)
ASCENT-STAGE ENGINE . R

BELL 8096 (RESTAR TABLE) ~
\

THRUST VALVE CLUSTER (2) Wi
\

REACTION CONTROL GAS \
NITROGEN TANK o

SEPARATION PLANE Yin g A
FOR AFT SECTION-ADAPTER
ULLAGE
ROCKET (4)

TANK-FAIRING
CABLE WAY

AFT SECTION
(2)

EQUIPMENT RACKS

PAY LOAD
AND
EXTERNAL O{i}g{i ER
FAIRING

FUEL TANK

FORWARD SECTICN WITH
SUBSYSTEM EQUIPMENT

HORIZON SENSORS (2)

CHARACTERISTICS
LAUNCH DATES - DIAMETER :
1959 THROUGH 1973 YL AR LR
POWER (BATTERIES) -
BOOSTERS - ATLAS/AGENA DESIGN LIFE (TYP) 1 WK - 6 MO
THOR / AGENA
ORBIT - NEAR EARTH (TYPICAL)

Figure C.2-1. Agena Satellite Vehicle
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! The later Agenas had few serious problems that stemmed from the design
per se. A large proportion of the anomalies involved part failures and de-
fects traceable to inadequate workmanship. Diodes, valves, commutators,
switches, connectors, and relays were the primary type of parts causing

i the anomalies. Relays were particularly troublesome, with loose particles
blamed for many of the anomalies. One solution for this, and «ther '‘work-
manship'" problems, was more stringent testing and inspection. In some

1 cases, an improved type part was procured for subsequent vehicles. On the

assembly (component) level, tape recorders were particularly unreliable and

numerous changes were made in their design. In some instances changes
were made in the vehicle to provide an improved environment for recorder

! operation,

-
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C8 VELA (NUCLEAR DETECTION) SATELLITE
€. Sl Program Summary

s i S

; The Vela satellites were designed and fabricated by the
T'RW Systems Group at its facility in Redondo Beach, California. This
activity was under the direction of the Air Force Space and Missile Systems
Organization (SAMSO) and The Aerospace Corporation of Los Angeles.

The Vela contract was let in late 1961 and culminated in .
launch of the first pair of satellites on an Atlas/Agena booster from Cape .?
Kennedy in October 1963. During the course of the program, the design §
was substantially changed to incorporate improved capability. Subsequent ¢
launches on Atlas/Agena boosters occurred in July 1964 and July 1965. |
Three additional pairs of satellizes were launched on Titan IIIC boosters in
April 1967, May 1969, and April 1970. All of the satellites enjoyed on-
orbit lifetimes far in excess of their design life. Satellites of the first four

launches have been deactivated and those of the last two are still operational.

Ciei3a2 Spacecraft Description -

The general characteristics of the Vela satellite are shown
in Figure C.3-1. The icosahedron shape was chosen because it was a good
approximation of a sphere, which would best satisfy the Atomic Energy
Commission (AEC)* requirement for the location of the external detectors.
The 20 equilateral triangular surfaces of the icosahedron were also well suited
for relatively simple fabrication operations. The central cylinder of the
satellite housed the injection rocket and provided the necessary structural
rigidity to enable two identical spacecraft to be launched in tandem. The
electronic equipment was supported by the honeycomb-sandwich platform
structure, which also provided the heat transfer necessary to maintain the
operating temperatures of all components. The various components and their
weights are listed in Table C.3-1. A typical weight summary for launching

two satellites in tandem on an Atlas/Agena is given in Table C. 3-2.

*Now part of the Energy Research and Development Administration (ERDA).

C.3-1
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(VELA 1 ILLUSTRATED)

SOLAR PANEL (18)

X-RAY DETECTOR (10)

CENTRAL
CY LINDER
STRUCTURE

EQUIPMENT
SHELF
Y-DETECTOR (6)

Z-DETECTOR
(2)

4 STUB ARRAY
ANTENNA (2)

SOLID ROCKET
(DEPLOYED)

MOTOR
LAUNCH DATES -
# 1801 ADAPTER TO SPIN-UP
1851 - 16 OCT 1963 INTERSTAGE
# 3662
3674 - 17JULY 1964
# ggf’,‘; - 20 JULY 1965
# 6638 CHARACTERISTICS
6679 " 28 APR 1967
# 6909 WIDTH - 58 1IN
6911 23 MAY 1969 HEIGHT - 45 1IN
# 7033 WT (LIFTOFF)- 498 LB
7044 - 8 APR 1970 POWER (BOL) - 99 WATTS
DESIGN LIFE - 6 MO,

BOOSTERS - FLTS 1,2,3 ATLAS/AGENA
FLTS 4,5,6 T-LIC

ORBIT - 606000 NM
38" INCLINATION

Figure C.3-1. Vela Nuclear Detection Program Satellite
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Table C.3-1.

AEC Equipment

Telemetry

e  Data storage unit (2)

® Digital telemetry unit (2)
' Signal conditioner
Communication

° Command decoder (2)

@ Diplexer (2)

®  Receiver (2)

® Transmitter (2)

°® Antennas (2 Ass'ys)

() Coax. cabling and connectors

Electrical Power

Battery and supports (2)

Solar cells, etc.

Solar panels (structure) (18)
Converter - AEC (2)

Converter - transmitter (2)
Converter - DSU and DTU (2)
Monitor and control circuits (2)

Electrical Distribution

) Command distribution unit
() Cabling

Thermal Control

[ ) Molybdenum heat shield
o Jett. fiberglass heat shield

() Insulation, coatings, etc.
Structure

° Central structure and attach.

® Equipment platform and supports
® Framework and detector mounts
Propulsion

° BE-3 engine at burnout

° Engine support structure

Destruct Subsystem Provision

Vela Spacecraft Weight Summary (typical)

- Weight (1b)

13.7
16.3
11.5

22.1

. e, g s bl g

ot il i P o e ik o o sk

98.5
15.2

23.4

69.7

17.8

8.2

41.5

24.5

3.0
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Table C.3-1. Vela Spacecraft Weight Summary (Cont.)

Weight (lb)

Balance Weights 3.0
' Spacecraft Burnout Weight 304.8
! ° Expendables 193.7
° Propellant 190.7
® Inerts 3.0
Spacecraft Gross Weight 498.5

Table C.3-2. Dual Vela Payload Weight Summary

Weight (1b)
® Dual Vela Spacecraft 997.0 (}

Spin Mechanism and Interstage 29.8

Gas

Tank (1)

Nozzles, lines, etc.
Timer, cabling, etc.
Supports and attach.
Interstage (1)
Separation springs
Spacecraft clamps (2)

00000 0690
A SSTUIE, I SRR OIS, VN
oML O

® Agena Interstage 27.0

° Structure 17
o Separation springs 4
® Wiring, hardware, etc. 2
° Spacecraft clamp (1) 3

Agena Payload (Less Fairing) 1,053, 8

C.3.3 Key Events and Milestones

The significant milestones of the Vela program are

summarized in Figure C.3-2 along with on-orbit malfunctions. )

C.3-4
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C.4 LINCOLN EXPERIMENTAL SATELLITES (LES)

Cc.4.1 General Program Summary

The Lincoln Experimental Satellites are part of a program by
MIT Lincoln Laboratory to develop communication satellite techniques, this
program having evolved from earlier work by Lincoln Laboratory in iono-
spheric and tropospheric scatter communications. The basic goals of the

LES program include demonstrations of:

High efficiency, all solid state transmitters
Electronically despun antennas
Communications with small mobile terminals

Techniques for stationkeeping and attitude control

From the beginning of the LES program through 1972, six LES
satellites, all designed and built by Lincoln Laboratory, have been launched.
LES 7 was cancelled. The next satellites in the LES series, numbers 8 and

9, are currently under development by Lincoln Laboratory.

c.4.2 LES 1 and 2

c.4.2.1 Program Summary

LES 1 was launched in February 1965. A failure of the Titan
IIIA left the satellite in the wrong orbit. Limited tests were run which indi-
cated the repeater and the switched antennas were operating properly. The
satellite then entered a tumbling mode which ended its usefulness.

LES 2 was launched on a Titan IIIA in May 1965 and operated
as planned for over a year. After nine months in orbit the transmittter

power was still 200 mW.

Cc.4.2.2 Satellite Description

LES 1 and 2 were essentially identical. The primary equip-
ment was an all solid state X-band repeater and an eight-horn electronically
. switched antenna. The transmitter source was a crystal oscillator and mul-
tiplier chain which was used for upconversion of the signal from IF; the X-

band power was 200 mW.

-
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The eight horns were mounted so as to provide omnidirectional

coverage. Sensors were used to determine the direction of the earth and the

satellite spin rate. Onboard logic then controlled switches to use the antenna

most closely pointed toward the center of the earth. Other details of LES 1
and 2 are given in Table C.4-1.

C.4.3 LES 3 and 4

C.4.3.1 Program Summary

LES 3 and 4 were launched in December 1965 on the same Titan

IIIC booster. Due to a launch vehicle malfunction, the satellites were placed

in an elliptical synchronous transfer orbit. Initially, the orientation of LES 4

was such that only enough power was available for operation of the telemetry

system. Five days after launch the spin axis orientation had changed enough
that power was available for all the satellite systems to operate. From that

time the LES 4 repeater and antenna operated as expected,

€4, 3,2 Sateliite Description

LES 3 did not have a repeater; its purpose was to transmit a
UHF signal for propagation tests. LES 4 had an X-band repeater of a design
similar to LES 2. Improved components significantly lowered the receiver
noise figure and increased the transmitter power.

The LES 4 transmitting antenna was composed of eight horns
uniformly spaced in a plane normal to the satellite spin axis. Sun and earth
sensors and logic circuits controlled the switches to electronic ally despin the
antenna. The difference in antenna design from LES 2 was possible because
LES 4 was intended for use in a synchronous equatorial orbit where coverage
could be reduced to 26° in the north-south plane. LES 4 technical details are
given in Table C.4-2.

C.4.4 LES 5 and 6

C.4.4.1 Program Summary

LES 5 and 6 were built as part of a program to demonstrate

the feasibility of using satellites that operate in the military UHF band

p AT G T IR S DU
b
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x Table C.4-1. LES 1 and 2 Technical Details
{ Satellite
i
i e Polyhedron, about 24 in. each dimension
. 82 1b
® Solar cells, 26 to 33 W initial, no batteries
| e Spin stabilized, 180 rpm
Configuration
f ® 20-MHz-bandwidth triple-conversion repeater
Transmitter
4 ‘ e ~7.8GHz
' ‘ e All solid state
| = . 200 mW output, 115 mW at antenna
; k.,) Receiver

e ~8.3GHz
i e 16 dB noise figure

Antenna

e 8 horns, electronically switched (only one used at a fﬁime)
e Gain~3dB

Orbit
. , . 1500 x 8000 nmi, 32° inclination

Launch Record

¢ LES 1 - Launched 11 February 1965; launch vehicle failure left
satellite in 1500 X 1500 nmi orbit and turibling

¢ LES 2 - Launched 6 May 1965

Developed By

1 ¢ MIT Lincoln Laboratory




1 Table C.4-2. LES 4 Technical Details

Satellite .

| L '0-sided cylinder, 31 in. diameter, 25 in. high

° 116 1b
® Solar cells, 36 W initial minimum

] Spin stabilized, 11 rpm

Confi iguration

° 20-MHz-bandwidth triple-conversion repeater

Transmitter

. ~ 7.8 GHz
° All solid state

™ 230 mW at antenna, 3 dBW ERP

Receiver
. ~ 8.3 GHz
® 9 dB noise figure

3 Antenna

° Transmit: 8 horns electronically switched, 10 dB peak gain, circu-
larly polarized, each horn covered about 26° x 45° of a 26° x 360°
, toroid
t e Receive: biconical horn, 26° x 360°, circularly polarized
‘Orbit
! ® Intended: Synchronous equatorial

e Actual: 105 x 1'8,:' 200 nmi, 26° inclination
1
* ‘ Launch Record

' Launched 21 December 1965

® Launch vehicle failure resulted in wrong orbit and orientation
® By 26 December the orientation changed enough to allow sufficient
solar cell output for operation.
| Developed By

e MIT Lincoln Laboratory

! C.4-4
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(225 to 400 MHz)* for communications to and from small motailé“‘terminals.
Propagation measurements in this band had been made using a previous sat-
ellite in the program, LES 3, which functioned as a simple beacon transmit-
ter. LES 5 and LES 6 are similar in many respects. Of the two satellites,
LES 6 is the more complex and, from the standpoint of the experimental sys-

tems on board, the more interesting.

A Titan IIIC launch vehicle placed LES 5 into a sub-synchronous

‘orbit on 1 July 1967. The orbit had a period of 1316. 1 min and was inclined

to the equatorial plane by 7°. Another Titan IIIC booster placed LES 6 into
a 2.9° inclined synchronous orbit on 26 Septernber 1968. Final adjustment
into stationary orbit was accomplished by use of an onboard cold ammonia

thruster system.

C.4.4.2 Satellite Description

LES 5 and 6 are depicted in Figure C.4-1. Each ie a right
circular cylinder with a flat equipment platform dividing the cylinder near
the midpoint. Above the periphery of this platform is a section called the
view band through which sensors and thrusters view the outside world. Fach
satellite spins about its long axis which is held perpendicular to the orbit plane
by an onboard attitude control system. Physical properties of both satellites
are given in Table C.4-3; their subsystems, experiments, and RF char-
acteristics are summarized in Tables C.4-4 and C.4-5. Extensions beyond
the LES 5 solar panels were required to provide enough length for a set of
cavity -backed slot radiators that constitute half of the circularly polarized
antenna system. On LES 6, this areca was utilized by solar panels to meet
the increased power requirements; the solar array was built in four discrete
cylindrical assemlhies. The sensor view-band height was also increased
from 4 to 6 in. to provide for the large complement of sensors and thrusters.
The number of support struts below the deck was increased from six to eight

and theywere extended to mate with the solar array support fittings to provide

sk
Called UHF, although the standard designation is VHF from 30 to 300 MHz
and UHF from 300 to 3000 MHz.




LES 6 ILLUSTRATED

TELEMETRY CAVITY-BACKED
ANTENNA SLOT ANTENNAS

D1-POLE
ANTENNA
/ (16)
ELECTRONIC
DESPIN

ANTENNA
SYSTEM
(UHF)

SENSOR
VIEW PORT

THRUSTERS

il ELECTRONIC

o\ itk
IN ;ﬁia‘ EQUIPMENT

: i
\)

L]
')

TOROIDAL
AMMONIA
T ANK (2)

PULSE PLASMA

THRUSTERS

SOLAR ARRAY
PANELS (32)

CHAR ACTERISTICS
LAUNCH DATES - DIAMETER - 48 1IN
LES 5 - 1JULY 1967 LENGTH - 66 1IN
LES 6 - 26SEPT 1968 WT (LAUNCH) - 398 LB
POWER (BOL) - 220 WATTS
BOOSTER - T-LIC
ORBIT - SYNC. EQUATORIAL

Figure C.4-1. Lincoln Experimental Satellite (LES 5 and 6)
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Table C.4-3. Physical Properties — LES 5 and 6

LES 5 LES 6
Diameter, in. 48 48
Length, in. 64 66
Weight, 1b
Prime structure 22 29
Equipment 115 256.5
Solar array and antennas 63 82.5
Dispenser assembly 22.5 25,4
Trim weights i 4.7
229.5 398.1
., 1b in.2 72,032 113,766
spin ,
TR et /A
Itransv«arse(max) 1b in. 58, 050 96, 359
Is /It 1.24 1.18
Spin period, sec 5.784 7.353

C.4-17
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Table C.4-4. Subsystems and Experiments — LES 5 and 6

Subsystems

LES 5

LES 6

Telemetry

Command

Solar array

Antenna
despinning

Stationkeeping

Attitude
control

Thrusters

Temperature
controlled
oscillator

100 bps, 8-bit accuracy;
75 channels main frame,
64 channels sub max

32 cmds, 42 bits each
at 0.4 bps

30-V series string,
102-cm N on P cells,
6 -mil cover slide, no
cell contact protection.
136 W max start of life

Experimental logic flown,
no actual switching

None

Autonomous magnetic
stabilization system +2°
accuracy spin axis
orientation

None

None

100 bps, 8-bit accuracy;
62 channels main frame,
168 channels sub max

60 cmds, 47 bits each at
0.4 bps or 6.25 bps

26-V series string, same
cells as LES 5, with cell
contact protection 220 W

max, start of life

Operational electruiic
antenna despinning system

Autonomous synchronous
orbit E-W stationkeeping
+2° accuracy in longitude

LES 5 type mag. stab.
system. Autonomous gas
thruster system, accuracy
variable to ¥0.16°

Cold ammonia gas system
for attitude control and
stationkeeping; experimen-
tal pulsed plasma thruster
for stationkeeping

Dual primary osc111ator s;
temp. control +0.004°C;
frequency drift< 1 x 10~ 2
day long term

C.4-8
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Table C.4-4.

Subsystems and Experiments — LES 5 and 6 (Cont.)

Experiments

LES 5

LES 6

Solar cell
degradation

Radiation
measurement

Earth albedo

RF interference
at UHF

Precision spin
period

5 cells, 2 different types,
measure I__ and V
sc oc

None

None

Measure average RF en-
ergy and peak-to-average
RF energy in 120 kHz
steps from 225 to 280 MHz

None

30 cells, 9 different cell
types, 5 cover slip types;
measure 20-point I-V char-
acteristic each cell vs
time, incidence angle;
measure cover slip degra-
dation vs time

Advanced LES 4 exp't mea-
sure trapped electron
spectrum

5 beams, 0.1°x0.1°, scan
earth; each measures
albedo in 6 spectral bands
from 0.41 to 1.00 pm

Same as LES 5 but from
290 to 315 MHz

Autonomous spin period
measurement

C.4-9




Table C.4-5,

RF Characteristics — LES 5 and 6

. Frequency beacon

Antenna gain (net of filter and
matching losses)

| EIRP (measured in orbit)

l Receiver noise figure

' ! Receiver IF bandwidth
‘ (switchable)

2.5 dB circu-
larly polar-
ized toroidal
pattern

45 W
3.6 dB

100/300 kHz

LES 5 LES 6
Frequency up 255,1 MHz 302.7 MHz
Frequency down 228.2 MHz 249.1 MHz
228.43 MHz 254,14 MHz
Transmitter power 30w 120 w2

9.5 dB circu-
larly polar-
ized, elec-
tronically
despun

890 W
3.6 dB

100/500 kHz

! C.4.4.3

carry the increased payload weight.

Key Milestones and Events

‘ in Figure C.4-2.

- i i AR Y| g i e )
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C.4-10

3Varies with maximum available solar bus power. Power amplifiers
operate in "optimized'' mode, directly from bus.

additional structural rigidity. Some growth capability had been built into the
LES 5 structure and this fact, coupled with a nominal reduction of flight loads

for LES 6, meant that only minor structural modifications were required to

The significant program milestones for LES 5 and 6 are shown
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C.4.4.4 Satellite Orbital Experience

C.4.4.4.1 LES 5 Transponder

e

The LES 5 transponder makes a conventional frequency transla-
tion of the received signal to an intermediate frequency where it is amplified,
limited, and translated again to the transmitting frequency. The signal is
then amplified in a highly efficient solid state chain and fed to the circularly
polarized antenna through a triplexing filter.

Some 8 months after launch, on 18 March 1968, the receiver
sensitivity suddenly displayed a 17-dB decrease as LES 5 emerged from the

earth's shadow. This sensitivity loss was attributed to an open circuit in the

i first RF preamplifier that was brought about as the average temperature of
LES 5 decreased. (LES 5 average temperature is highest in December and
T lowest in June.) This hypothesis was borne out when, on 14 November 1968,
‘ 1 the sensitivity returned to normal. Subsequently, the sensitivity dropped and

recovered in March 1969 and November 1969, respectively. In addition to
the problem with sensitivity, one of the two transponder local oscillators *k...&
(L. O.) exhibited a sudden change in frequency in December of 1968. This

| oscillator had previously exhibited a long term stability of about 3 in 107.
] l ‘ Capacitor s similar to the type used in this L.O. have subsequently been ob-

served to experience an abrupt change in value. Although this may be the

cause, it is not certain. The L.O. offset shows up as a shift in translation
frequency which causes no operational problem to ground users. The sen-
sitivity decrease demands more uplink power from a ground station but in

practice has not hampered the usage of LES 5.

C.4.4.4.2 LES 5 Command System and RFI Experiments

The command system and radio frequency interference (RFI)
experiments on the LES 5 receive timing information from the same source.
Immediately after injection into orbit timing signals were seen to be running
at a rate almost twice normal. This precluded the satellite from accepting

commands and the RFI experiment from stepping frequency at the required

O e R T o 0 = M awon . i
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rate. Seven hours after ejection the problem sptshtaneously cleared up for
some 5 hours and then reappeared. After several months, of mostly abnor-
mal timing, it became clear that the period of normal timing occurred in the
5-hour interval around that point in the LES 5 orbit when it was opposite the
sun. It seems highly likely that the source of the extra pulses is due to an
unsuspected coupling from one of the logic systems which acts on earth-sun
inputs and changes its state at this point in orbit. This event reinforced the

needs for stringent system compatibility tests before launch,

C.4.4.4.3 LES 5 Solar Cell Array

The LES 5 solar cell array was designed to provide power for
a 5-year lifetime on the assumption that degradation caused by trapped radi-

ation would amount to a decrease of no more than 5 percent per year in maxi-

- mum available power. In May 1968, however, the telemetered solar bus volt-

age was seen to have dropped to 22 V from its launch day value of 30 V. This
was the first indication that the LES 5 array was experiencing the same accel-
erated degradation previously reported on other synchronous spacecraft in
early 1968. The best estimate is that the LES 5 array degraded 22 percent

in the first year. Had this rate continued, the RF power amplifiers would
shortly have shown a marked decrease in output power as their dc converters
shut off as a result of low bus voltage.

In addition to difficulties caused by the high degradation rate,
the LES 5 solar array experienced an open circuit in one series-connected
string on a panel. This had the effect of dropping the available power by an
additional 13 percent once per satellite revolution when the affected panel was

illuminated by the sun.

C.4.4.4.4 LES 5 Magnetic Stabilization and Antenna Switch
System

LES 5 carried an autonomous attitude control system to main-
tain its spin axis perpendicular to the orbit plane. Orientation is accomplished

§

by a magnetic torquing system. The in-orbit operation of this system was

C.4-13




degraded by a failure in one of four sun sensors that trigger the switching
action necessary to maintain an inertially fixed magnetic moment. As a re-

sult, while the system corrected attitude errors along one axis, it produced

" small errors along a second, orthogonal axis. In effect this reduced the spin

axis correction rate from the expected value of 3/4°/orbit to about 1/4° /orbit.
The decrease in rate did not affect the ultimate accuracy, and the LES 5 spin
axis was maintained perpendicular to the orbit to within RvissD: 5.y

This sensor failure also affected the experimental antenna
switching logic in that individual sections performed well but the system as
a whole did not work. Sufficient information was obtained from the experiment
to verify that the system could be used on LES 6 and, with change/s to the sun

sensor input logic, such a system was flown.

C.4.4.4.5 , LES 6 Ejection

Immediately after ejection, telemetered information indicated
that LES 6 was not spinning about the expected axis (the symmetry axis of the
cylinder, or Y axis in satellite coordinates). Analysis showed that the satel-
lite Y axis was offset from the angular momentum vector by about 2. 2l
Another anomaly soon became apparent: one entire solar panel (of 32) was
not delivering power. These events are related by the fact that the failed
panel lay in the plane defined by the spin axis and the axis of symmetry.

Review of all factors led to the following conclusion: LES 6
either gained or lost weight sometime before it cleared the launch vehicle;
to explain the in-orbit satellite unbalance, this weight must have been at
least 1 1b. It was further concluded that LES 6 had gained this weight because
overall satellite performance and telemetered information could reveal nothing
missing and no structural parts of sufficient mass could have conceivably
come free. A hypothesis that the offset was there before satellite installation
was ruled out. The dynamic balance procedures before launch would have
detected < 3 percent of the in-orbit offset. (These were repeated on a LES 6

structural qualification model and their accuracy borne out.)
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The resultant spin motion of LES 6 is such that the satellite
equatorial plane appears to "'wobble' £2.2°, as the nominal satellite spin
axis nutates about the angular momentum vector. This limited the opera-

tional use of the autonomous attitude control system.

C.4.4.4.6 LES 6 RF Systems

Two unexpected changes in performance occurred after launch.
The power of the transmitted communications signal varied with satcllite
rotation over a range of 0.9 dB, as a result of a corresponding change’'in
power generated by the solar cells because of the axis tilt and the lack of
power from one panel. The second change was a fortuitous decrease from
the prelaunch measurements of the power generated in the receiver band by
intermodulation between the beacon and communication signals in the com-
mon antenna system. This drop in intermodulation power was sufficient to
permit simultaneous operation of beacon and communication transmitters
with no loss in receiver sensitivity.

The LES 6 beacon and communications signals were chosen
so that only a high-order intermodulation product (15th order) fell in the re-
ceiver passband. Generation of bothersome intermodulation products at low
order had been a problem on LES 5 and it was believed that the higher order
product would be acceptably low in power. This was not the case; sporadic
noise bursts 10 to 15 dB above the receiver noise level were commonly seen

during ground tests. In both satellites, the intermodulation products were

generated in spring finger contacts used at the edges of the slot antenna
cavities behind the solar panels. Extensive efforts to minimize these pro-
ducts before launch were only partially successful. The spontaneous disap-
pearance of intermodulation products in orbit (in both satellites) led to spec-

ulation that some phenomenon such as vacuum welding may have occurred.

C.4.4.4.7 Evaluation of LES 5 and 6 Experience

An annual decrease (from March to November) in LES 5 re-
ceiver sensitivity occurred as a result of an open circuit (caused by temper-

ature changes). This anomaly was overcome by using higher uplink power.
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A timing pulse anomaly also occurred periodically in LES 5 due to coupling
between the logic of satellite subsystems at the point in the orbit when the
satellite was opposite the sun. Both of these anomalies indicated the need for
more thorough testing, the former for testing over the temperature range
expected in orbit and the latter for compatability testing.

A capacitor in LES 5 was suspected of causing local oscillator
frequency change approximately 1-1/2 years after launch. Previous experi-
ence with capacitors of this type had shown similar behavior.

Several design-related problems were experienced on-orbit.
Rapid solar cell degradation in LES 5 was attributed to inadequate radiation
protection. A failure in a sun sensor that caused attitude error in LES 5 was
solved for LES 6 by a logic design change.

The LES satellites ex¥perienced improvement in intermodulation
products from in-plant testing to on-orbit operation. Extensive efforts to
minimize the products on the ground were only 'partially successful. However,
the produc't disappeared on-orbit for both satellites. It was speculated that

some phenomenon such as vacuum welding may have occurred.

Cc.4.5 LES 8 and 9

LES 8 and 9 are the latest” in a series of experimental military

communication satellites developed by the MIT Lincoln Laboratory. They will

E3 S
operate with a variety of fixed and mobile terminals using both UHF and K-band

for uplinks and downlinks. A K-band crosslink between LES 8 and LES 9 will
also be demonstrated. The communications electronics are all solid state.
Two K-band receivers and transmitters are on each satellite, one used with
a horn antenna and the other with an 18-in. parabolic reflector. This allows
simultaneous communication on both up/downlinks and the crosslink. O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>